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optical fibers (106) by misaligning ntiirror siiifaces (116a, 1 16b) included of an optical switching module (100). Misalignment of 
the minor surfaces (1 16a and 1 16b) causes only a portion of the beam of light (108) propagating along the incoming optical fiber 
(106), which is less than when the light beam deflectors' mirror surfaces (116) are precisely aligned, to propagate along the outgo- 
ing optical fiber (108). Thus, the optical switching module (100) controllably attenuates the beam of light (108) coupled between 
the incoming and the outgoing optical fibers (106). Another aspect is a variable-optical-attenuator ("VOA") (212) that includes an 
optically reflecdve membrane (222) upon which the beam of light (108) impinges. Application of an electrostadc field between an 
adjacent electrode (228) and the membrane (222) deforms the membrane (222) thereby attenuating an impinging beam of light (108). 
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VARTTVBT.TC UrpTPOTTATTOW OF FREE-SPACE T.TGHT BEAMS 

Tftohnical Fiftld 

The present invention relates generally to the technical 
5 field of optics and, more particularly, to attenuating a free- 
space light beam as may propagate through a cross-connect fiber 
optic switch* 

Rrir.Kground Art 

10 Attenuators of various different types are used throughout 

communication equipment for adjusting the power level of carrier 
signals. Because optical amplifiers are becoming ubiquitous in 
fiber optic systems for increasing the power level of optical 
carrier signals, variable optical attenuators .are becoming 

15 increasingly important for adjusting the power level of optical 
. communication signals. Such variable optical attenuators are 
particularly important for optical cross-connect fiber optic 
switches because optical signals may arrive at the optical switch 
from different places and therefore may have differing signal 

20 strengths. 

Patent Cooperation Treaty ("PCT") international patent 
application WO 00/20899 published 13 April 2000, entitled 
"Flexible, Modular, Compact Fiber Optic Switch," ("the '899 PCT 
patent application") describes an optical cross-connect for 

25 switching quasi-collimated, free-space light beams. The '899 PCT 
patent application is hereby incorporated by reference as though 
fully set forth here. FIG. 1 illustrates one embodiment of an 
NxN optical switching module, indicated by the general reference 
character 100 and described in the '899 PCT patent application, 

30 that may be included in the fiber optic switch. The NxN optical 
switching module 100 includes two arrays 118a and 118b of movable 
mirror surfaces 116a and 116b of light beam deflectors that face 
each other. 

As described in the '899 PCT patent application, each mirror 
35 surface 116 of the light beam deflectors is preferably provided 
by a two-dimensional ("2D") torsional scanner of a type similar 
to those described in United States Patent No. 5,629,790 ("the 
'790 patent"), and in PCT international patent application 
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WO 00/13210 published 9 March 2000, entitled "Micromachined 
Members Coupled For Relative Rotation By Torsional Flexure 
Hinges" ("the '210 PCT patent application"). Each 2D torsional 
scanner includes the mirror surface 116 which is coupled to and 
5 supported from an encircling frame by a first pair of hinges. 
The first pair of hinges permit the mirror surface 116 to rotate 
about a first axis with respect to the encircling fraime. In 
turn, the encircling frame of the torsional scanner is itself 
coupled to and supported from an outer reference frame by a 
10 second pair of hinges. The second pair of hinges permit the 
encircling frame to rotate with respect to the outer reference 
frame about a second axis that is not oriented parallel to the 
first axis. 

Each optical fiber 106 connected to the optical switching 

15 module 100 in either of its two (2) sides 102a and 102b can 
direct a beam of light 108 through a lens 112 to a unicjue 
entrance mirror surface 116a or 116b that is rotatable about the 
two non-parallel axes. Correspondingly, each optical fiber 106 
may also receive a beam of light 108 that reflects from a unique 

20 exit mirror surface 116a or 116b. Each entrance mirror surface 
116 in one array 118a or 118b can be rotated to point the beam 
of light 108 impinging thereon to any of the mirror surfaces 116 
in the other array 118b or 118a. To couple a beam of light 108 
through the free-space between a pair of optical fibers 106, i.e. 

25 one optical fiber 106 respectively from each of the sides 102a 
and 102b, the beam of light 108 from one of the optical fibers 
106 in the side 102a or 102b impinges upon an entrance mirror 
surface 116 in the array 118a or 118b, reflects off the entrance 
mirror surface 116a or 116b to impinge upon a second exit mirror 

30 surface 116b or 116a in the array 118b or 118a, and to then 
reflect therefrom into one of the optical fibers 106 in the side 
102b or 102a. 

The loss of optical power in the beam of light 108 coupled 
between pairs of optical fibers 106 connected to the optical 
35 switching module 100 depends critically on the respective 
orientations of the pair of mirror surfaces 116a and 116b in the 
light beam deflectors. Other elements surrounding the optical 
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switching module 100 may also increase the amount of optical 
power loss. 

To precisely align the orientations of the mirror surfaces 
116a and 116b of the light beam deflectors, the fiber optic 
5 switch includes a dual axis servo controller 122 for each pair 
of mirror surfaces 116a and 116b that couple a beam of light 108 
between a pair of optical fibers 106- FIG, 2 illustrates one 
channel of the dual axis servo controller 122. 

As part of the dual axis servo controller 122, each optical 

10 fiber 106 of the fiber optic cross-connect switch includes a 
directional coupler 124 for tapping off a fixed amount of the 
optical signal power, e.g. a 20 dB optical coupler. The optical 
signal extracted by each directional coupler 124 impinges upon 
a photo-detector 126. Each photo-detector 126 receives and 

15 measures the optical power present in a fixed fraction of beam 
of light 108 propagating through the optical switching module 100 
along the optical fibers 106 regardless of whether the optical 
fiber 106 is an incoming or an outgoing optical fiber 106. 
Precisely aligning the orientations of a pair of the mirror 

20 surfaces 116a and 116b of the light beam deflectors causes as 
much as possible of the beam of light 108 emitted from the 
incoming optical fiber 106 to propagate along the outgoing 
optical fiber 106. 

Between the directional coupler 124 on the incoming optical 

25 fiber 106 and the optical switching module 100, and also past the 
directional coupler 124 on the outgoing optical fiber 106, there 
may exist other optical elements, such as additional couplers, 
switches, optical amplifiers, connectors and cables, all of which 
contribute to loss (or gain) of optical signal power through the 

30 fiber optic switch. FIG. 2 depicts the presence of these other 
optical elements respectively with the loss elements 128a and 
128b. Furthermore, in addition to the loss elements 128a and 
128b there may also exist loss elements, not illustrated in FIG. 
2, which precede the directional coupler 124 on the incoming 

35 optical fiber 106, and are located between the optical switching 
module 100 and the directional coupler 124 on the outgoing 
optical fiber 106. 
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The input and output power levels measured by the 
photo-detectors 126 are supplied as input signals to the dual 
axis servo controller 122 • The dual axis servo controller 122 
uses these signals for properly orienting the pair of mirror 
5 surfaces 116a and 116b. The dual axis servo controller 122 may 
implement various different servo control algorithms for 
controlling orientation of the mirror surfaces 116a and 116b. 

As stated above, optical signals may arrive at the optical 
switching module 100 via the optical fibers 106 from different 

10 places and therefore may have differing signal strengths. 
Furthermore, differing wavelength optical signals may arrive at 
the optical switching module 100 on differing optical fibers 106. 
Such multiple beams of light having differing wavelengths, after 
passing through the optical switching module 100, may be multi- 

15 plexed onto a single outgoing optical fiber. If optical signals 
having differing signal strengths are multiplexed together 
without controlling their respective strengths, wavelengths 
having different strength may increase differently during 
subsequent optical amplification. For this and other reasons it 

20 highly desirable that all wavelengths being multiplexed into a 
single optical fiber have approximately the same power. 

In principle, such matching of the respective strengths of 
the optical signal carried by a set of outgoing optical fibers 
106 can be accomplished by parsing each beam of light 108 through 

25 an attenuator located between an incoming optical fiber 106 and 
the outgoing optical fiber 106. However, because another fiber 
optic switch located elsewhere in the telecommunication system 
can, at any time, switch an incoming optical fiber 106 to a 
different optical signal source having a different signal 

30 strength, an attenuator included in the optical switching modul 
100 must be easily and quickly adjusted for appropriately 
attenuating optical signals of various strengths. 

Disclosure .of Invention 
35 An object of the present invention is to provide a method 

for operating a cross-connect fiber optic switch which permits 
controllably attenuating a free-space beam of light propagating 
within the optical switching module. 
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Another object of the present invention is to provide an 
optical attenuator that is easily controlled to provide differing 
amounts of attenuation for a free-space beam of light. 

Yet another object of the present invention is to provide 
5 simple variable-optical-attenuator that us free standing, and 
that can also be easily integrated into an array of variable- 
optical-attenuators . 

Another object of the present invention is to provide a 
variable-optical-attenuator whose operation is independent of the 

10 wavelength of light impinging thereon. 

Briefly, one aspect of the present invention is a method for 
operating a fiber optic switch for controllably attenuating the 
beam of light that the fiber optic switch couples between an 
incoming and an outgoing optical fiber- The method for control- 

15 lably attenuating the beam of light includes supplying to the 
servo controller a control signal which causes the servo 
controller to misalign mirror surfaces of the optical switching 
module's light beam deflectors. The misalignment of the light 
beam deflectors* mirror surfaces causes the optical switching 

20 module to couple into the outgoing optical fiber only a portion 
of the beam of light propagating along the incoming optical fiber 
which is less than when the light beam deflectors' mirror 
surfaces are precisely aligned. In this way the fiber optic 
switch controllably attenuates the beam of light coupled between 

25 the incoming and the outgoing optical fibers. 

Another aspect of the present invention is a variable- 
optical-attenuator ("VOA") for attenuating a beam of light that 
includes an optically reflective membrane upon which the beam of 
light may impinge. The VOA also includes an insulating substrate 

30 across which the membrane is secured. Secured in this location, 
the membrane is separated a suitable distance from a surface of 
the substrate upon which an electrode is disposed. Application 
of an electrostatic field between the membrane and the underlying 
electrode deforms the membrane. Deformation of the membrane 

35 causes an impinging beam of light to be attenuated due to 
aberrations in the beam of light reflected from the membrane. 
For use in cross-connect fiber optic switches, these VOAs can be 
arranged into 16x16, 64x64 or 256x256 arrays. 
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These and other features, objects and advantages will be 
understood or apparent to those of ordinary skill in the art from 
the following detailed description of the preferred embodiment 
as illustrated in the various drawing figures. 

Rr-ifi-f nP finription of Hrawings 

FIG. 1 is a is a plan view ray tracing diagram illustrating 
propagation of light beams through a free-space NxN reflective 
switching module of a fiber optic switch; 

FIG. 2 is a block diagram illustrating a servo controller 
included in the fiber optic switch for controlling orientations 
of light beam deflectors'! mirror surfaces included in the optical 
switching module; 

FIG. 3a graphically illustrates optical power coupled 
through a optical switching module as a function of drive signals 
which effect rotation about the two non-parallel axes; 

FIG. 3b graphically illustrates optical power coupled 
through a optical switching module, similar to the illustration 
of FIG- 3a, as a function of drive signals adjusted for the light 
beam deflector's sensitivity about each of its rotation axes; 

FIG. 4 is a graph illustrating the difference in attenuation 
which occurs due to pure rotation of a mirror surface, and that 
due to truncation of the optical beam because a portion thereof 
misses the mirror surface which reflects the beam to the outgoing 
optical fiber; 

FIG. 5 is a waveform, diagram illustrating attenuation of 
an optical signal after switching thereof effected by the servo 
controller; 

FIG. 6 is a block diagram depicting an optical circuit that 
includes a def ormable-membrane, reflective variable-optical- 
attenuator in accordance with the present invention; 

FIG. 7a is a plan view of one embodiment of a def ormable- 
membrane, reflective variable-optical-attenuator in accordance 
with the present invention; 

FIG. 7b is a cross-sectional, elevational view of the 
def ormable-membrane, reflective variable-optical-attenuator taken 
along the line 7b-7b of FIG. 7a; 



wo 01/71402 



PCT/USOl/08750 



- 7 " 

FIG. 8 is a diagram illustrating attenuation of a light beam 
that increasing deformation of a reflective membrane provides; 

FIG. 9 is a plan view of an alternative embodiment for a 
def ormable-membrane, reflective- variable-optical-attenuator in 
accordance with the present invention; 

FIG, 10a through 10c are plan views of various different 
flexure configurations, taken along the line lOa/lOc-lOa/106 in 
FIG. 9, as may be incorporated into the def ormable-membrane, 
reflective variable-optical-attenuator depicted in that FIG. ; 

FIG. 11a and lib are plan views illustrating yet other 
alternative embodiments for the def ormable-membrane, reflective 
variable-optical-attenuator that reguire a lesser amount of 
deflection ; and 

FIG. 12 is a block diagram depicting how an individual 
def ormable-membrane , reflective variable-optical-attenuator in 
accordance with the present invention may be simply included in 
a reflective switching module adapted for inclusion in a optical 
cross-connect fiber optic switch; and 

FIG. 13 is a block diagram depicting how an array of def orm- 
able-membrane , reflective variable-optical-attenuators may be 
simply included in a reflective switching module adapted for 
inclusion in a optical cross-connect fiber optic switch. 

Rest Mod ft for Carrying Out the Invention 

Mirror Miaal ignment Attenuation 

One aspect of the present invention uses misalignment from 
optimum orientations for the pair of mirror surfaces 116a and 
116b for attenuating the beam of light 108 coupled between a pair 
of optical fibers 106 by the optical switching module 100 such 
as that depicted in FIG. 1. In a most basic, first operating 
mode for the fiber optic switch, i.e. a minimum loss operating 
mode, the dual axis servo controller 122 precisely aligns the 
pair of mirror surfaces 116a and 116b to couple the maximum 
amount of optical signal power, i.e. light, between the pair of 
optical fibers 106. 

The amount of light coupled between a pair of optical fibers 
106 by two mirror surfaces 116a and 116b varies approximately as 
a Gaussian function 142 as one or the other of the pair of mirror 
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surfaces 116 rotates about either one or the other of the 
torsional scanner's two, non-parallel axes* However, for the 
same driving voltage applied to an electrostatically energized 
torsional scanner, the width of the Gaussian function 142 differs 
depending upon the- axis about which the mirror surface 116 
rotates • FIG. 3a graphically illustrates optical signal power 
coupled through the optical switching module 100 for the exit 
mirror surface 116 for driving signals applied to the torsional 
scanner which rotate the exit mirror surface 116 about either one 
or the other of the two non-parallel axes. Rotation of the 
entrance mirror surface 116, discussed in greater detail below, 
produces a very similar curve to that depicted in FIG. 3a. 

As graphically depicted in FIG. 3a, the Gaussian function 
142 differs for rotation about each of the axes because the 
mirror sxirface 116 rotates through a larger angle about either 
one or the other of the axes for the same voltage applied to 
independently energize rotation of the mirror surface 116 about 
each of the non-parallel axes. Differing amounts of rotation of 
the mirror surface 116 occur about the two axes as graphically 
depicted in FIG. 3a because the hinges supporting the mirror 
surface 116 for rotation about one axis are stiffer than the 
hinges supporting the mirror, surface 116 for rotation about the 
other axis. Properly compensating the voltages applied to the 
torsional scanner for energizing rotation of the mirror surface 
116 about each of the axes for the respective stiffness of the 
hinges produces a Gaussian function 144 such as that depicted in 
FIG. 3b- Due to the four rotation axes that are involved in 
coupling the beam of light 108 between the pair of optical fibers 
106 (i.e. two axes for the mirror surface 116a or 116b and two 
axes for the mirror surface 116b or 116a) , the Gaussian function 
14 4 of FIG. 3b must be understood to be a four-dimensional 
function which typically exhibits differing responses along at 
least two of its four axes. 

It is noteworthy that due to the steep slope of the Gaussian 
function 142 or 144 when moving away from its peak where the 
mirror surfaces 116 are precisely aligned to couple the maximum 
amount of optical signal power between the optical fibers 106, 
coupling of light between the optical fibers 106 by the optical 
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switching module 100 becomes much more sensitive to small angular 
rotations of the mirror surfaces 116a and 116b. Hence, when 
using mirror surfaces ll6a and 116b it is advantag ous to select 
for attenuating the beam of light 108 that particular axis of the 
four axes which exhibits the least sensitivity to rotation of the 
mirror surface 116. This is true whether the entrance mirror 
surface 116 is being rotated to attenuate the beam of light 108, 
or if the exit mirror surface 116 is being rotated to attenuate 
the beam of light 108. Experimentally it has been observed that 
a rotation of the mirror surface 116 about a less sensitive axis 
produces much less noise in the output optical signal received 
by the outgoing optical fiber 106 than a rotation, that produces 
the same reduction in output power, about a more sensitive axis. 
Hence, in attenuating optical signals using misalignment of the 
mirror surfaces 116a and 116b it is generally preferable to 
rotate the mirror surface 116 about the least sensitive of the 
four axes. 

If the mirror surfaces 116 were infinitely large in 
comparison with the diameter of the impinging quasi-collimated 
beam of light 108, the angular response in output power coupled 
between the pair of optical fibers 106 would be the same for both 
of the mirror surfaces 116a and 116b for rotation axes that are 
equivalently stiff • However, for smaller mirror surface 116 
having a size that is approximately equal to that of the 
impinging quasi-collimated beam of light 108, rotation of the 
entrance mirror surface 116 rapidly causes a portion of the beam 
of light 108 to miss the exit mirror surface 116a or 116b. Such 
vignetting of the beam of light 108 will, of course, also affect 
the amount of optical signal power coupled through the optical 
switching module 100 but in a different way than that described 
above with respect to FIGs. 3a and 3b. 

A solid curve 152 in FIG. 4 graphically depicts the effect 
of vignetting on the transmitted optical signal as a function of 
rotation of the entrance mirror surface 116. The curve 152 
illustrates the effect of vignetting for a optical switching 
module 100 in which the mirror surfaces 116a and ll6b are spaced 
500 mm apart, the mirror surfaces 116 present an approximately 
1.5 mm square surface area to the impinging beam of light 108, 
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and the lenses 112 have a 6inia focal length. For such a configu- 
ration of the optical switching module 100, the curve 152 depicts 
rotation of the entrance mirror surface 116 while the exit mirror 
surface 116 is held in its optimum orientation. The curve 152 
shows that if only small adjustments are required to effect a 
desired attenuation of the beam of light 108, then vignetting 
provides a rather broad top for the curve 152 which facilitates 
misaligning the exit mirror surface 116 to obtain the desired 
attenuation. However, for larger angles the optical power 
coupled into the outgoing optical fiber 106 drops precipitously, 
and controlling attenuation becomes more difficult. If the 
mirror surfaces 116a and 116b are located physically closer to 
each other, the shape of the curve 152 will differ from that 
depicted in FIG. 4. 

A dashed curve 154 in FIG. 4 graphically depicts the 
transmitted optical signal directly from a misaligned exit mirror 
surface 116 while the entrance mirror surface 116 is held in its 
optimum orientation. This second method for attenuating the beam 
of light 108 avoids vignetting of the beam of light 108. From 
the illustration of FIG. 4, it is readily apparent that rotations 
of the mirror surface* 116 as small as one-half a milli-radian 
markedly reduces the optical power in the beam of light 108 
received by the outgoing optical fiber 106, i.e. milli-radian 
rotations dramatically affect attenuation of the beam of light 
108 leaving the optical switching module 100. 

Apart from the preceding geometric optical considerations 
which influence which one of a pair of mirror surfaces 116 is 
preferably misaligned to attenuate the beam of light 108, there 
exist other considerations about torsional scanner operation that 
may prohibit selecting a particular axis of a particular mirror 
surface 116. For example, if rotation of the mirror surface 116 
places the torsional scanner in the unstable electrostatic 
operating range for a particular axis of rotation, then it may 
be preferable to avoid using misalignment about that axis for 
attenuating the beam of light 108. An axis about which rotation 
of the 116 is in the unstable electrostatic operating range is 
prone to more instability. Thus, rotation about such an unstable 
axis will introduce more noise into the optical signal received 
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by the outgoing optical fiber 106 than if one of the mirror 
surfaces 116 were servoed on a portion of the Gaussian functions 
142 and 144 or the curves 152 and 154 having a gentler slope. 
Also, one of the rotation axes of one of the mirror surface 116 
may inherently have lower positional noise, for example because 
it has a lower resonant frequency or experiences greater fluid 
damping from atmosphere surrounding the torsional scanner. 

The two curves 152 and 154 together with the preceding 
description of FIGs. 3a and 3b demonstrate that selecting a 
particular axis of one of the pair of mirror surfaces 116a and 
116b for misalignment to attenuate the beam of light 108 depends 
upon a variety of considerations including the particular pair 
of optical fibers 106 between which light is being coupled, the 
distance between and orientation angles of the mirror surfaces 
116a and 116b, and even the amount of attenuation required. 
Consequently, selecting the best method for attenuating the beam 
of light 108 may be performed dynamically during operation of the 
fiber optic switch. 

In general, one, two, three or all four axes of rotation may 
be misaligned from their respective optimum orientations to 
obtain a desired attenuation. Since there exist essentially an 
infinite number of configurations for the pair of mirror surfaces 
116 in the four dimensional space described above, in general, 
at any instant in time there exist many different conf igixrations 
that could be adapted to produce a particular desired attenua- 
tion. 

Note that in general it is preferable to employ small 
misalignments around each of the four axes rather than a single 
larger rotation because the slope of the Gaussian function is 
less precipitous for small rotations. Small misalignments around 
each of the four axes produces the same total attenuation by 
summing the four, individual smaller attenuations. Using small 
misalignments around each of the four axes increases stability 
of the attenuation, and therefore the optical signal propagating 
along the outgoing optical fiber 106 exhibits less noise. 

Initially, the" optimum mirror positions are determined in 
which the pair of mirror surfaces 116 are precisely aligned. 
Usually, there exists only one set of orientations for the mirror 
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surfaces 116 that produces the configuration in which the optical 
switching module 100 causes as much as possible of the beam of 
light 108 emitted from the incoming optical fiber 106 to 
propagate along the outgoing optical fiber 106, i.e. an optimum 
power throughput position. Then, given the attenuation needed 
for matching of the respective strengths of the optical signal 
carried by a set of outgoing optical fibers 106, a calculation 
is performed which determines the amount of rotation about a 
particular axis for a particular mirror surface 116 that is 
required to misalign the pair of mirror surfaces 116 to obtain 
the specified attenuation of the beam of light 108. A signal 
specifying the misalignment is then supplied to the appropriate 
dual axis servo controller 122 to effect the specified rotation 
of the mirror surface 116 from its optimum orientation. The 
optimxim orientations required for the pair of mirror surfaces 116 
about the three remaining axes are then also transmitted to the 
dual axis servo controllers 122 which respectively control 
rotation about those axes. The axis being misaligned to produced 
the desired attenuation may be servoed at a slower rate to 
maintain the attenuation. 

FIG. 5 presents an actual oscilloscope trace 162 from the 
directional coupler 124 where switching and subsequent attenua- 
tion of the optical signal received by the outgoing optical fiber 
106 occurs beginning at a point 164. The behavior exhibited in 
the oscilloscope trace 162 of FIG. 5 has been observed during 
operation of a optical switching module 100 that were first made 
in March 1999, '^using 2D mirror surfaces 116 whose orientations 
were controlled by analog dual axis servo controllers 122. 

Def^ormahle Reflectivft Attenuator 

FIG. 6 depicts an optical circuit, referred to by the 
general reference character 200, that is adapted to include a 
deformable-membrane, reflective VOA 212 in accorcjance with the 
present invention. In the illustration of FIG. 6, similar to the 
optical switching module 100 depicted in FIG. 1, the optical 
circuit 200 includes an incoming optical fiber 202 which emits 
a beam of light that impinges on a lens 204. The lens 204 is 
disposed with respect to an end 2 06 of the incoming optical fiber 
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202 to produce from light emitted from the end 206 a quasi- 
collimated beam of light 208. The beam of light 208 propagates 
horizontally in the illustration of FIG. 6 through the optical 
circuit 200 to impinge upon a reflective VOA 212. The beam of 
light 208 reflects off the VOA 212 to continue propagating 
through the optical circuit 200 vertically downward in the 
illustration of FIG. 6 until impinging upon a lens 214. The lens 
214 focuses the impinging beam of light 208 onto an end 216 of 
an outgoing optical fiber 218. 

As illustrated in FIGs. 7a and 7b, the VOA 212 in accordance 
with the present invention is formed as a disk-shaped, reflective 
membrane 222. The membrane 222 may be a few microns to several 
millimeters ("mm") thick, is suitably formed in a silicon-on- 
insulator ("SOI") wafer in a manner similar to that described in 
United States Patents Nos. 5,488,862, 5,629,790 and 6,044,705, 
and then subsecjuently coated with gold or any other suitably 
reflective material. United States Patents Nos. 5,488,862/ 
5,629,790 and 6,044,705 are hereby incorporated by reference as 
though fully set forth here. Alternatively, the membrane 222 may 
be fabricated from other suitably materials such as nitrides, 
oxides, oxynitrides or metals. 

As depicted in FIG, 7b, the membrane 222 is secured to an 
insulating substrate 224 by spacers 226. The spacers 226 hold 
the membrane 222 a suitable distance above an electrode 228 that 
is coated onto a surface of the substrate 224 adjacent to the 
membrane 222. The substrate 224 may be made of silicon as may 
be the membrane 222 which may, if necessary, be formed integrally 
as part of the substrate 224. 

Applying an electrostatic force between the membrane 222 and 
the electrode 228 defoirms the membrane 222 as indicated in FIG. 
7b. When the VOA 212 is positioned in the optical circuit 200 
as depicted in FIG. 6, deformation of the membrane 222 causes 
aberration in the beam of light 2 08 that impinges upon the VOA 
212. This aberration in the beam of light 208 attenuates 
transmission of light from the incoming optical fiber 202 to the 
outgoing optical fiber 218. A curve 232 in FIG. 8 graphically 
depicts the type of attenuation provided by a membrane 222 which 
has a radius 1.5 x NA x f , where NA is the nximerical aperture of 
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the lenses 204 and 214 (e.g. 0.15) and f the focal. As illus- 
trated in FIG. 2, relatively small deformations of the membrane 
222 can substantially attenuate the beam of light 208. For 
example, a 2.0 micron thick silicon membrane 222 that is 2.0 mm 
in diameter will deform 15.0 microns when a uniform electrostatic 
field of 5.0 volts/micron is applied between the membrane 222 and 
the electrode 228.. For precise attenuation control, stress 
sensors may be integrated into the silicon membrane so a desired 
deformation can be detected electronically. 

The sensitivity of the VGA 212 can be increased by subdivid- 
ing the membrane 222 into a nested, concentric set of 
annular ly-shaped membranes 242a-242d as illustrated in FIG. 9. 
Very narrow slits 244 separate the annular ly-shaped membranes 
242a-242d so that in the undeformed state the composite membrane 
222 is essentially flat, and the slits 244 produce very little 
scattering from the surface of the composite membrane 222. The 
annularly-shaped membranes 242a-242d are interconnected by narrow 
flexures 246 which allow the annularly-shaped membranes 242a-242d 
making up the composite membrane 222 to deform more readily in 
response to an applied electrostatic force. The composite 
membrane 222 depicted in FIG. 9 exhibits more deformation for the 
same applied electrostatic field than the membrane 222 depicted 
in FIGS. 7a and 7b, or equal deformation for a much lower 
electrostatic field. 

FIGS. 10a through 10c depict various different configura- 
tions for the flexures 246 which join immediately adjacent 
annularly-shaped membranes 242 to each other. The flexures 246 
can be easily etched into the membrane leaving a minimum of open 
area between immediately adjacent annularly-shaped membranes 242. 
Because the composite membrane 222 deforms readily in an 
approximately Gaussian shape, the deformation of a full circular, 
composite membrane 222 is much more than a wavelength of the beam 
of light 208 impinging thereon. 

FIG. lla illustrates a VOA 212 having a slit membrane 222 
in which two semicircular halves 252a and 252b two halves 252a 
and 252b are separated by a narrow gap 254 along a diameter of 
the circularly-shaped membrane 222. The electrode 228 on the 
immediately adjacent substrate 224 underlies only the semicircu- 
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lar half 252b. The substrate 224 underlying the semicircular 
half 252a lacks the electrode 228, and therefore the semicircular 
half 252a remains flat even though the semicircular half 252b 
deforms in response to an applied electrostatic force. Hence by 
deforming the semicircular half 252b, a phase shift can be 
created between two halves of the beam of light 208 that impinges 
on the membrane 222. Such a phase shift between two halves of 
the beam of light 208 produces substantial diffraction, and hence 
reduces coupling of the beam of light 208 between the incoming 
optical fiber 202 and the outgoing optical fiber 218. To obtain 
substantial diffraction in the beam of light 208, the semicircu- 
lar half 252b need deform approximately one-quarter of the 
wavelength of light in the beam of light 208 with respect to the 
semicircular half 252a. For the VOA 212 illustrated in PIG. 11a, 
attenuation of the beam of light 208 is maximized when the 
separation between the semicircular half 252a and the semicircu- 
lar half 2 52b is an integral multiple of one quarter wavelength 
of light in the beam of light 208. 

The principle embodied in the VOA 212 illustrated in FIG. 
Ha can be extended to multiple sections 262 as illustrated in 
FIG lib adjacent to which electrodes 228 are disposed on the 
substrate 224. In the VOA 212 illustrated in FIG. lib, each of 
the sections 262 may be individually deformed while all other 
portions of the composite membrane 222 that are located between 
and adjacent to the sections 262 remain flat. Thus, each section 
262 may be individually deformed as desired causing each of the 
sections 2 62 to individually and independently distort the beam 
of light 208 impinging thereon. In contrast to the VOA 212 
illustrated in FIG. 11a, deformation of the sections 262 need not 
be approximately one-quarter of the wavelength of light to 
significantly attenuate the beam of light 208. 

It is readily, apparent that other subdivisions of the 
circularly-shaped membrane 222 in addition to those illustrated 
in FIGS. 11a and lib are possible. However, the subdivisions 
illustrated in FIGs. 9, 11a and lib sufficiently exemplify the 
concepts embodied in such VOAs 212. Furthermore, all of the 
subdivisions depicted in FIGs. 9, 11a and lib provide simple 
mechanical support at the periphery of the membrane 222 for the 
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annularly- shaped membranes 242a-242d, the two halves 252a and 
252b, and the sections 262 which is important for ease in 
fabricating and assembling the VOA 212. 

For some embodim nts of the VOAs 212, particularly those 
illustrated in FIGs. 11a and lib, it is advantageous if any 
coating of gold or other . suitable reflective material be applied 
in a way that reduces the possibility of creating unbalanced 
stresses and hence deformation on the meiabrane 222. United 
States Patent No. 6,044,705 entitled "Micromachined Members 
Coupled For Relatiye Rotation By Torsion Bars" that issued April 
4, 2000 ("the '705 patent"), and the '210 PCT patent application 
describe procedures for applying such a reflective coating that 
reduces the possibility of creating unbalanced stresses on the 
membrane 222. Both the '705 patent and the '210 PCT patent 
application are hereby incorporated by reference as though fully 
set forth here. 

As described above, the beam of light 108 propagating within 
the optical switching module 100 between a pair of optical fibers 
106 can be attenuated by misaligning one or both of the pair of 
mirror surfaces 116 from their precisely aligned orientations. 
However, as described above obtaining significant amounts of 
attenuation in this way is difficult because it requires that the 
dual axis servo controller 122 maintain each misaligned mirror 
surface 116 precisely at its specified orientation. Each 
misaligned mirror surface 116 must be maintained precisely at its 
specified orientation because, as graphically illustrated in 
FIGs. 3a, 3b and 4, for large attenuations the amount of light 
coupled between the* incoming and the outgoing optical fiber 106 
changes precipitous for a slight change in the orientation of the 
mirror surface 116. 

FIG. 12 depicts how any of the VOAs 212 depicted in FIGs. 
7a and 7b, 9, 11a and lib may be incorporated into a reflective 
switching module of the type included in a fiber optic switch. 
In the illustration of FIG. 12, the incoming optical fiber 106 
directs the beam of light 108 through the lens 112 to impinge 
upon the VGA 212. The beam of light 108 reflecting off the 
membrane 222 impinges upon the entrance mirror surface 116 
arranged with respect to the VOA 212 in a configuration similar 
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to that depicted in FIG. 21 of the '899 PCT patent application, 
and described in the text thereof for that FIG, In a reflective 
switching module, the VOAs 212 and the mirror surfaces 116 may 
be arranged in vertical columns as described in the '899 PCT 
patent application with the fixed mirror depicted in FIG. 31 
being replaced by the array of VOAs 212, one VOA 212 for each 
beam. In general, a single VOA 212 located in the free-space 
optical path between the incoming and outgoing optical fibers 106 
provides sufficient attenuation for most applications of the 
fiber optic switch. However, the side 102 to which outgoing 
optical fibers 106 connect may, if necessary to obtain additional 
attenuation, also include similar VOAs 212 that are arranged in 
the configuration depicted in FIG. 21 of the '899 PCT patent 
application. 

The arrangement of the VOAs 212 and the mirror surfaces 116 
depicted in FIG. 12 lends itself to using a bank 282 of lenses 
112 and a bank 284 of entrance mirror surfaces 116 as illustrated 
in FIG. 13. An array 286 of VOAs 212, interposed between the 
bank 282 and the bank 284, provides any desired attenuation of 
the beams of light 108. For example, the lenses 112 may be 
arranged in a 16x16, 64x64 or 256X256 bank 282 which directs 
individual beams of light 108 to individual membranes 222 in the 
corresponding 16xi6., 64x64 or 256X256 array 286 of VOAs 212. 
Such banks of lenses 112 and mirror surfaces 116, and arrays of 
VOAs 212 may be used either or both for incoming and outgoing 
optical fibers 106. 

TTidngj-rial Appi -iri^^b-i 1 t ty 

Based on a particular application for the fiber optic 
switch, the optical switching module 100 can operate concurrently 
in several different modes for individual pairs of optical fibers 
106 as described in greater detail below. While operating modes 
for attenuating optical signals is described below in the context 
of misaligning pairs of mirror surfaces 116, these operating 
modes may in fact also be implemented using the VOAs 212 also 
described above. 
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1. Minimiim Loss Mode. Operating in this way, the optical 
switching module 100 couples into the outgoing optical 
fiber 106 as much as possible of the beam of light 108 
emitted from the incoming optical fiber 106. This 
type of connection between pairs of optical fibers 106 
provides optimum power transmission from input to 
output of the optical switching module 100. This 
operating mode can be used with all or some of the 
pairs of optical fibers 106 connected to the optical 
switching module 100 in conjunction with mode 2 and 
mode 3, described in greater detail below, for other 
pairs of optical fibers 106. 

2. Fixed Loss Mode. Operating in this way, the attenua- 
tion imposed on the optical signal being coupled 
through the optical switching module 100 between pairs 
of optical fibers 106 is made the same, or equalized, 
for each selected pair of incoming and outgoing 
optical fibers 106. In mode 2, the dual axis servo 
controller 122 adjusts the pair of mirror surfaces 116 
so the ratio of the output to input optical signal 
power levels is maintained at a fixed, desired value. 
If the optical signal power received by the outgoing 
optical fiber 106 is too high, the dual axis servo 
controller 122 reorients one or both of the mirror 
surfaces 116 to adjust the attenuation thereby restor- 
ing the ratio of output to input power levels. This 
operating mode 2 can be used to equalize attenuations 
among a group of optical signal connections thereby 
minimizing variation in attenuation of the optical 
signals passing through the optical switching module 
100. For example, if the attenuation between incoming 
optical fiber 106 X and outgoing optical fiber 106 Z 
is 5 dB, then alignment of the mirror surfaces 116 for 
coupling between incoming optical fiber 106 X and 
outgoing optical fiber 106 Y, which if unattenuated 
could be 3 dB, can be misaligned to establish a 
matching 5 dB attenuation- An attenuation table may 
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be produced during manufacture and calibration of the 
optical switching module 100, and the attenuation in 
the signal path may be adjusted upon establishing a 
connection between a particular pair of optical fibers 
106. In addition / the actual attenuation in the 
coupling between the pair of optical fibers 106 may be 
measured in real-time, and the attenuation may be 
appropriately adjusted during operation of the fiber 
optic switch. This operating mode 2 can be used with 
all or some of the pairs of optical fibers 106 con- 
nected to the optical switching module 100 in conjunc- 
tion with mode 1 and mode 3 applied to other pairs of 
optical fibers 106. 

3. Fixed Output Power Mode, Operating in this way, the 
power in the optical signal being coupled into the 
outgoing optical fiber 106 is maintained as close as 
possible to a desired, pre-established power level. 
In mode 3 , ignoring the input power level the dual 
axis servo controller 122 orients the pair of mirror 
surfaces 116 to maintain a fixed power level in the 
beam of light 108 received by the outgoing optical 
fiber 106- This operating mode could be used to match 
power levels in several beams of light 108 respective- 
ly coupled into an equal number of outgoing optical 
fibers 106. Matching power levels in the beams of 
light 108 coupled into outgoing optical fibers 106 is 
desirable if several different wavelengths of light 
that pass through the optical switching module 100 are 
to be multiplexed together into a single optical fiber 
106 before optical amplification. This mode of opera- 
tion can also be used to reestablish the power level 
of signals passing through the optical switching 
module 100 to a nominal value. Again this operating 
mode can be used with all or some of the pairs of 
optical fibers 106 connected to the optical switching 
module 100 in conjunction with mode 1 and mode 2 used 
for other pairs of optical fibers 106. 
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It Should be noted that all three of the preceding operating 
modes may exist concurrently for differing pairs of optical 
fibers 106 in various parts of the optical switching module 100. 
Different attenuations or output power levels may also be 
specified for particular mirror surfaces 116 or particular pairs 
of mirror surfaces 116. It should be understood that these 
various operating modes may be used simultaneously on different 
parts of the optical switching module 100, i.e. some pairs of 
optical fibers 106 may operate in mode 1, others in mode 2, and 
yet others in mode 3 , depending upon the destination and function 
of the optical signal received by the outgoing optical fiber 106. 

It should further be noted that it is possible to compensate 
at the optical switching module 100 for additional variations in 
attenuation that may occur in equipment further along a telecom- 
munication path. Additionally, the fiber optic switch could 
receive in real-time, through a network management signaling 
system, power measurements from equipment that is located further 
along the telecommunication path, and then use such power 
measurements to dynamically adjust the attenuation through the 
optical switching module 100 thus providing optimal network 
performance . 

Although the present invention has been described in terms 
of the presently preferred embodiment, it is to be understood 
that such disclosure is purely illustrative and is not to be 
interpreted as limiting. Consequently, without departing from 
the spirit and scope of the invention, various alterations, 
modifications, and/or alternative applicationis of the invention 
will, no doubt, be suggested to those skilled in the art after 
having read the preceding disclosure. Accordingly, it is intended 
that the following claims be interpreted as encompassing all 
alterations, modifications, or alternative applications as fall 
within the true spirit and scope of the invention. 
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The Claims 

What is claimed is: 

1, A method for operating a fiber optic switch for 
control lably attenuating a beam of light that the fiber optic 
switch couples between an incoming optical fiber and an outgoing 
optical fiber that are both connected to the fiber optic switch^ 
the fiber optic switch including: 

a. a optical switching module within which propagates a 
free-space beam of light emitted from the incoming 
optical fiber, the optical switching module including 
light beam deflectors which selectively couple the 
free-space beam of light emitted from the incoming 
optical fiber into a specific one of a plurality of 
optical fibers which, upon receiving the beam of 
light, becomes the outgoing optical fiber; and 

b. a servo controller which has a first operating mode 
that precisely aligns the light beam deflectors so the 
optical switching module causes as much as possible of 
the beam of light emitted from the incoming optical 
fiber to propagate along the outgoing optical fiber; 

the method for controllably attenuating the beam of light 
comprising the step of supplying to the servo controller a 
control signal which causes the servo controller to misalign the 
light beam deflectors so the optical switching module causes only 
a portion of the beam of light propagating along the incoming 
optical fiber, which is less than when the light beam deflectors 
are precisely aligned, to propagate along the outgoing optical 
fiber, whereby the fiber optic switch controllably attenuates the 
beam of light coupled between the incoming and the outgoing 
optical f ibers . 

2. The method of claim 1 wherein the control signal 
supplied to the servo controller actuates a second operating mode 
of the fiber optic switch in which the portion of the beam of 
light propagating along the outgoing optical fiber has a fixed 
ratio to the beam of light propagating along the incoming optical 
f iber . 
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3. The method of claim 2 wherein the control signal 
supplied to the servo controller actuates yet another operating 
mode of the fiber optic switch which maintains a pre-established 
power level in the beam of light propagating along the outgoing 

5 optical fiber, 

4. The method of claim 1 wherein the control signal 
supplied to the servo controller actuates yet another operating 
mode of the fiber optic switch which maintains pre-egtablished 
power level in the beam of light propagating along the outgoing 

5 optical fiber • 

5. The method of claim 1 wherein the light beam deflectors 
may be misaligned about several independent axes, and wherein the 
control signal supplied to the servo controller causes the light 
beam deflectors to be appropriately misaligned about all axes 

5 thereby increasing stability of attenuation of the beam of light. 

6. A variable-optical-attenuator ("VOA") for attenuating 
a beam of light comprising: 

an optically reflective membrane adapted for impingement of 
a beam of light thereon; and 
5 an insulating substrate across which said membrane is 

secured while being separated a suitable distance from a surface 
of said substrate upon which an electrode is disposed that 
underlies said membrane, whereby upon application of an electro- 
static field between said membrane and said electrode said 
10 membrane deforms and a beam of light impinging thereon is 
attenuated due to aberrations in the beam of light reflected from 
said membrane • 

7. The VOA of claim 6 wherein said membrane is 
disk-shaped. 

8. The VOA of claim 6 wherein said membrane is composite 
being formed by a concentric set of annularly-shaped membranes 
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with flexures joining immediately adjacent pairs of the 
annular ly-shaped membranes. 

9. The VOA of claim 6 wherein said membrane is composite 
being formed by two semi-circular half disks that are juxtaposed 
with each other on opposite sides of a diametrical gap, 

10. The VOA of claim 9 wherein the electrode underlies only 
one of the semi-circular half disks which form the composite 
membrane. 

11. The VOA of claim 6 wherein said membrane is composite 
being formed by several sections between which are other portions 
of the membrane, 

12. The VOA of claim 11 wherein the electrode underlies 
only the sections of the composite membrane. 

13. A method for operating a fiber optic switch for 
controllably attenuating a beam of light that the fiber optic 
switch couples between an incoming optical fiber and an outgoing 
optical fiber that are both connected to the fiber optic switch, 

5 the fiber optic switch including: 



a. 



a optical switching module within which propagates a 
free-space beam of light emitted from the incoming 
optical fiber, the optical switching module including: 
i) light, beam deflectors which selectively couple 



10 



the free-space beam of light emitted from the 
incoming optical fiber into a specific one of a 
plurality of optical fibers which, upon receiving 
the beam of light, becomes the outgoing optical 
fiber; 



15 



ii) a VOA having: 



A) an optically reflective membrane disposed so 
the beam of light impinges thereon; and 



20 



B) an insulating substrate across which the 
membrane is secured while being separated a 
suitable distance from a surface of the 
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substrate upon which an electrode is dis- 
posed, whereby upon application of an elec- 
trostatic field between the membrane and the 
lectrode the membrane deforms and the beam 
25 ..of light impinging thereon is attenuated due 

•to aberrations in the beam of light reflect- 
ed from the membrane; and 
b. a servo controller which has a first operating mode 
that precisely aligns the light beam deflectors so the 
30 optical switching module causes as much as possible of 

the beam of light emitted from the incoming optical 
fiber to propagate along the outgoing optical fiber; 
the method for controllably attenuating the beam of light 
comprising the step of supplying to the VOA a control signal 
35 which causes the VOA to deform so the optical switching module 
causes only a portion of the beam of light propagating along the 
incoming optical fiber, which is less than when the light beam 
deflectors are precisely aligned, to propagate along the outgoing 
optical fiber, whereby the fiber optic switch controllably 
40 attenuates the beam of light coupled between the incoming and the 
outgoing optical fibers. 

14. The method of claim 13 wherein the control signal 
supplied to the VOA actuates a second operating mode of the fiber 
optic switch in which the portion of the beam of light propagat- 
ing along the outgoing optical fiber has a fixed ratio to the 

5 beam of light propagating along the incoming optical fiber. 

15. The method of claim 14 wherein the control signal 
supplied to the VOA actuates yet another operating mode of the 
fiber optic switch which maintains a pre-established power level 
in the beam of light propagating along the outgoing optical 

5 fiber. 

16. The method of claim 13 wherein the control signal 
supplied to the VOA actuates yet another operating mode of the 
fiber optic switch which maintains pre-established power level 
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in the beam of light propagating along the outgoing optical 
5 fiber • 



17. An improved fiber optic switch that couples beams of 
light between selected incoming and outgoing optical fiber pairs 
that are connected to the fiber optic switch, the fiber optic 
switch including: 
5 a, a optical switching module within which propagates 

free- space beams of light emitted from incoming 
optical fibers, the optical switching module including 
a bank of light beam deflectors from which reflect th 
free-space beams of light emitted from incoming 
10 optical fiber; and 

b. a servo controller for precisely aligning light beam 
deflectors so the optical switching module couples 
into the outgoing optical fiber of each pair as much 
as possible of the beam of light emitted from the 
15 incoming optical fiber of the pair; 

wherein the improvement comprises: 

an array of VOAs each of which includes: 

a. an optically reflective membrane disposed so one of 
the beams of light impinges thereon; and 

20 b, an insulating substrate across which the membrane is 

secured while being separated a suitable distance from 
a surface of the substrate upon which an electrode is 
disposed, whereby upon application of an electrostatic 
field between the membrane and the electrode the 

25 membrane deforms and the beam of light impinging 

thereon is attenuated due to aberrations in the beam 
of light reflected from the membrane. 



wo 01/71402 



1/9 



PCT/USOl/08750 




wo 01/71402 PCT/USOl/08750 

2/9 




wo 01/71402 



3/9 



PCT/USOl/08750 




Pig^ 3b 



wo 01/71402 



4/9 



PCT/USOl/08750 



Re) 




•.(H)2 



0.002 



Fig, 4 



Tek Run: 2S.0ks/s Sample OlBfi 



! " " ! 



I I I ' I I ' I I I I ' I ' I ' ' ' ' r 




J' 



IBS 



MM 



MM 



M M 



MM 



^ Mibbms dill 0^ 



20.0mv 2.00ms 



Fig* 5 



wo 01/71402 



5/9 



PCT/USOl/08750 




wo 01/71402 



6/9 



PCT/USOl/08750 




wo 01/71402 



7/9 



PCT/USOl/08750 




wo 01/71402 



8/9 



PCT/USOl/08750 




wo 01/71402 



PCT/USOl/08750 




<2i 



INTERNATIONAL SEARCH REPORT 



International application N 
PCT/USOl/08750 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :G02B 6/26 
US CL :385/16. 17, 18, 47, 140 
According to International Patoit Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHH) 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 385/16. 17. 18, 25. 31. 47. 48, 50, 140 



Documentation searched other than minimum documentation to the extent that such documents are included m the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, whm practicable, search tenns used) 
USPTO APS EAST 

search terms: servo, fiber, deflect, switch, attoiuate 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 

X,P 

X 

X 
A 


US 5,216,729 A (BERGER et al) 01 June 1993 (01.06.1993), see 
entire document, especially figs. 1 and 2. 

US 6,097.859 A (SOLAGAARD et al) 01 August 2000 
(01.08.2000), col. 4, line 8 - col. 7, line 20. 

US 5,535,293 A (BUCHIN) 09 JuJ(/ 1996 (09,06.1096), col. 8, line 
37 - coL 15, line 5. / 

US 5,915,063 A (COLBOURNE et al) 22 June 1999 (22.06.1999), 
col. 3, line 44 * col. 4, line 60 and fig. 1. 


1-6, 11-17 

1-4 

1-4 

6, 11, 12 


7-10 


j 1 Further documents are listed in the continuation of Box C. See patent family annex. 


* Special cttfigoriet of dted doeumeDtr HT later docnmett imbUibed after the inteniatiotial fiting date or prio^ 
-A- A^»^t »K* «f rt- ^ »AsM, .nn.M...^ date and not In ooonict with the appUcatioo but died to understand the 
ro^c^p«ti^arr^^w ^^^^^^^ ^ ^^^^^ JHinciple or theory undertylng ihcinvSdoo 

"E" earlier AvnfTv^t puhiiyhfrf oo or after the tmf«Mfion«l fi«no Waie ^ocmwtit of particular relevance; the clazmed invention cannot be 
«i«u»Bu i^uHm. u» ui«»uoi«u uiuiB WW coMidetttlnovd or cannot be comidered to Involve an invcadvc step 
"L" docunKot wHcb may throw doubu oo priority chinas) or which is when the document is taken alone 
dted to »fT^^t<th the publication date of anpther citation or other 

special reason (as speafied) "Y" doomieot of particnlar rekvanoe; die cbimed hiveotioo cannot be 

coosidered to involve an inveotive step when tbe docuntect is 
document refening to an oral disclosure, use. exhibidon or odier means enmhined with ong m- mtwm oiW Avnm»>nff ^ tyr^ oftntWn«riftn 

-r documempubhsbed prior to the immational filing date but htedian bdng obvious to a person sUUed in Ao art 

the priority dao claimed document member of die same patent family 


Date of the actual c mpletion of the international search 
21 MAY 2001 


Date of mailing f the international search report 

1 5 JUM 2001 


Name and mailing address f the ISA/US 
Comitutsioner of Patents and Ttademaiks 

Box per 

Washii^n.D.C 20231 
Facsimile No. (703) 305-3230 


Authorized officer 
OMAR ROJAS 
TeIq)lione No. (703) 305-8528 ffLrL^ 



Form PCT/lSA/210 (second sheet) (July 1998)* 



INTER^*nJ^NAL SEARCH REPORT 



Intemati nal application No. 
PCmJSOl/08750 



BOX 11. OBSERVATIONS WHERE LFNTTY OF INVENTION WAS LACKING 
This ISA found multiple inventions as f U ws: 

This application contains the following inventions or groups of inventions which ait not so linked as to form a single 
inventive concept under PCT Rule 13,1* In order for all inventions to be searched, the ai^HOpiiate addidonal search fees 
must be paid. 

Group I, claims l-5» drawn to a method for operating a fiber optic switch. 

Group II, claims 6-17, drawn to a variable optical attenuator (VOA) and method of using a VOA in a operating a fiber 
optic switch. 

The inventions listed as Groups I and n do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, diey lack the same or conesponding special technical features for the following reasons: The use of a 
variable opdcal attenuator as disclosed in Group II is mssing from Group 1. 



Form PCT/ISA/210 (extra sheet) (July 1998)* 



